We retrospectively examined the long-term outcome of 96 asymptomatic hips in 96 patients with a mean age of 49.3 years (16 to 65) who had radiological evidence of femoroacetabular impingement. When surveillance commenced there were 17, 34, and 45 hips with cam, pincer, and mixed impingement, respectively. Overall, 79 hips (82.3%) remained free of osteoarthritis for a mean of 18.5 years (10 to 40). In contrast, 17 hips (17.7%) developed osteoarthritis at a mean of 12 years (2 to 28). No statistically significant difference was found in the rates of development of osteoarthritis among the three groups (p = 0.43). Regression analysis showed that only the presence of idiopathic osteoarthritis of the contralateral diseased hip was predictive of development of osteoarthritis on the asymptomatic side (p = 0.039).
Femoroacetabular impingement (FAI) was first proposed as a cause of osteoarthritis (OA) of the hip in 1936 by Smith-Petersen, 1 who was also the first to describe a treatment for this condition. Wide interest in the subject only arose recently following the work of Ganz et al. 2 It has been proposed that certain minor morphological alterations of the hip joint cause repetitive abutment of the femoral head-neck junction against the anterior rim of the acetabulum during flexion of the hip, leading initially to labrochondral damage and ultimately to early degeneration of the joint. In order to avoid long-term damage, early surgical intervention has been recommended. 3 The procedures advised (from periacetabular osteotomy, surgical dislocation of the hip, mini-anterior approach and osteochondroplasty to arthroscopy, alone or combined with a limited anterior approach) all aim to address the abnormal anatomy in order to provide symptomatic relief but also to halt the degenerative process. 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] This concept gained wide acceptance and a substantial number of publications have followed since the renewal of interest in FAI theory. 2 However, in 2008, Ganz et al 15 questioned whether all patients with morphological abnormalities indicative of FAI would necessarily develop osteoarthritis, and argued against treatment in asymptomatic patients. What predisposes certain hips to develop degenerative changes remains uncertain, 16, 17 and the efficacy of current surgical procedures for FAI in delaying the development of OA has been questioned. 18 We sought to investigate possible associations between FAI morphotypes and degeneration of the hip joint, by determining how many asymptomatic patients with radiological evidence of FAI followed over a long period of time would develop OA. Additionally, we analysed the impact of the characteristic radiological features of FAI on the development of OA, and examined the association between the diagnosis of the diseased hip and the development of OA in the contralateral, initially asymptomatic, hip.
Patients and Methods
This study was approved by the Ethics Committee of our institution. From our hip database, we retrospectively reviewed the clinical records and plain radiographs of all adult patients, aged ≤ 65 years, who had been treated surgically by the senior author (GH) between 1965 and 1994 for unilateral hip disease. Patients were included in the study if the records indicated that the contralateral hip was asymptomatic at the initial examination and had no radiological evidence of OA according to the criteria set by Hermodsson. 19 Acceptable radiographs for the study were those which had been obtained with the hips in neutral rotation and with neutral pelvic tilt, as indicated by the coccyx being centred over the symphysis pubis, with a distance of 1 cm to 2 cm between them. 20, 21 Following these criteria, 205 patients (205 hips) were identified. Their plain anteroposterior radiographs were assessed for evidence of FAI on the side that was originally recorded as normal using the criteria set out in Table I . [20] [21] [22] [23] [24] [25] A total of 96 patients (96 hips) had one or more morphologic features of FAI. This group comprised 31 males and 65 females, with a mean age of 49.3 years (16 to 65) and were the subjects of our investigation. The diagnoses of the contralateral diseased hips are presented in Table II. 26 28 and neck-shaft angle 29 were recorded independently by two observers (GH, NVB). Three of the investigators (GH, NVB, GCB) independently evaluated all radiographs for the presence of the cross-over sign. 22 Each radiograph was then allocated as to the presence/absence of this sign by consensus. Similar radiographs obtained at the last follow-up were assessed by the senior author (GH) for the presence of early OA. We defined early OA as any subtle indication of joint space narrowing and/or the presence of marginal osteophytes on the femoral head. 19 Lateral views were not available for all patients and were not included in this study.
The intraclass correlation coefficient was used for continuous and the kappa (κ) coefficient (non-weighted, since there was no variable with more than two possible values) for nominal variables.
Since all but one patient had undergone surgical treatment, they had been followed up clinically and radiologically at regular intervals, which varied between one and three years. The patient who was treated conservatively was also followed at varying intervals as dictated by exacerbations of symptoms. Statistical analysis. All analyses were performed using SPSS version 15.0 software (SPSS Inc., Chicago, Illinois). Associations between categorical variables were investigated with the chi-squared test for independence (with Yates' correction for continuity in the case of 2 × 2 contingency tables), or the Fisher's exact test. The Mann-Whitney U test was used for continuous variables. Logistic regression analysis was used to assess the individual effect of statistically significant variables. Numerical results are expressed as mean values and 95% confidence intervals (CI). Statistical significance was set at a p-value < 0.05.
Results
The continuous variables, including the α-angle, centreedge angle of Wiberg, inclination of the weight-bearing surface, and neck-shaft angle provided very good intraobserver agreement for all except the α-angle, for which the intraclass correlation coefficient was 0.50 (95% CI 0.34 to 0.64) (Table III) . 30 The κ statistic revealed good interobserver agreement for pistol-grip deformity and anterior rim prominence. Interobserver agreement was moderate for the posterior wall sign (κ coefficient = 0.51, 95% CI 0.35 to 0.69) (Table III) . 30 For the purposes of further statistical analysis, the observations of the senior author on the nominal variables were used.
Of the 96 hips examined, 17 (17.7%) had a cam, 34 (35.4%) a pincer, and 45 (46.9%) a mixed impingement. The diagnoses of the contralateral diseased hips, subclassified by type of impingement, are outlined in Table IV. In the cam group, there were seven men and ten women with a mean age at presentation of 49.9 years (27 to 65). Of the 34 patients (34 hips) with pincer impingement, two were male and 32 female, with a mean age at presentation of 50.8 years (17 to 65). Of the 45 patients (43 hips) with mixed impingement, 22 were male and 23 were female with a mean age of 48 years (16 to 65).
Overall, 79 hips (82.3%) did not develop OA during a mean follow-up of 18.5 years (10 to 40) (Figs 1 and 2) . Of the 17 patients who did develop OA the onset of symptoms occurred at a mean age of 63.3 years (36 to 83), a mean of 12 years (2 to 28) after the first radiographs had been obtained. Subsequently, 12 underwent total hip replacement (THR), at a mean age of 64.4 years (51 to 77). The remaining five do not have enough symptoms to warrant surgery. Their mean age was 76.8 years (70 to 84) at completion of the study. In the cam, pincer, and mixed impingement groups, one (5.9%), seven (20.6%) and nine (20%) hips, respectively, developed OA. There was no statistically significant difference in the incidence of OA among the groups (p = 0.43, Fisher's exact test).
In the cam group, only one patient developed OA, at the age of 75 years, 12 years after the initial examination. The remaining 16 hips remained free of OA after a mean follow-up period of 19.1 years (10 to 40). In the pincer group, seven patients developed OA at a mean age of 62 years (56 to 74), after a mean of 11 years (2 to 25) and 27 hips remained free of OA at a mean of 15.7 years (10 to 33).
Of the 45 patients with mixed impingement, nine developed OA after a mean of 12.8 years (6 to 28) at a mean age of 60 years (47 to 83) and 36 remained free of OA at a mean of 20.3 years (10 to 33).
Within the whole group of 96 hips, a pistol-grip deformity was present in 42 (43.8%), in which OA developed in seven. Of the 54 hips without a pistol-grip deformity, ten developed OA. The presence or absence of a pistol-grip deformity did not reveal a statistically significant association for the development of OA (p = 1.0, Fisher's exact test). The mean α-angle in the series was 58.5° (38° to 96°). In the hips which developed OA, the mean α-angle was The centre-edge angle was > 35° in 36 (37.5%) hips with a mean angle of 43.2° (36° to 54°). Of those, three developed OA. In the remaining 60 hips the centre-edge angle was ≤ 35° with a mean 24.9° (-5° to 35°), of which 14 went on to develop OA. No significant difference was found between centre-edge angle using more or less than 35° and the development of OA (p = 0.112, chi-squared test).
A retroverted acetabulum, indicated by the presence of the cross-over and/or a positive posterior wall sign, was observed in 41 hips (42.7%). Of those, 12 developed OA. Of the remaining 55 hips without radiological evidence of acetabular retroversion, five developed OA. The presence of acetabular retroversion was significantly associated with the development of OA (p = 0.022, chi-squared test).
The anterior rim prominence sign was positive in 26 (27.1%) hips. Of those, six developed OA. In contrast, 11 of the 70 hips without this sign developed OA. The presence of a positive anterior rim prominence sign was not statistically associated with the development of OA (p = 0.075, Fisher's exact test).
Of the 28 patients with idiopathic OA of the contralateral diseased hip, nine developed OA of this hip. In contrast, of the 68 patients with secondary OA, mainly due to congenital dysplasia hip disease and trauma, OA of the opposite hip developed in eight patients. There was a statistically significant association between the diagnosis of idiopathic OA of the diseased hip and development of OA in the opposite and initially asymptomatic hip (p = 0.036, Fisher's exact test).
A regression analysis model, with the development of OA as the dependent variable, was constructed. As covariates, we incorporated the variables of acetabular retroversion and initial diagnosis of the contralateral diseased hip (idiopathic OA vs other), which had been shown previously to be significantly associated with the development of OA. In order to avoid the occurrence of singularity, the variables (cross-over sign, posterior wall sign) which made up acetabular retroversion were entered separately into the model. In order to check for multicollinearity, the correlation values of the variables were generated. For the same purpose, the standard error of each variable was inspected (Table V) . 31 Both showed the model to be statistically stable.
The model demonstrated an overall predictive ability of 20.0% (Nagelkerke R square, 0.200). The diagnosis of idiopathic OA in the contralateral hip was the statistically significant variable in the model (Wald estimate, 4.3; p = 0.039), but the presence of the cross-over sign did not quite reach statistical significance (Wald estimate, 3.52; p = 0.06) ( Table V) .
Discussion
Many authors have adopted the theory that FAI is the principal cause of OA in young adults and have advocated early surgery in the hope of not only mitigating symptoms but delaying the development of OA. 3 Some of the major proponents of the original theory have recently acknowledged that clinical confirmation to support the hypothesis that FAI causes early OA is incomplete and have recommended long-term radiological studies of asymptomatic young adults to resolve the uncertainty. 15 The same authors have posed two fundamental questions, namely whether all patients with abnormalities indicative of FAI disease always progress to OA, and if it is appropriate to carry out surgical treatment for FAI in asymptomatic patients. 15 One unresolved issue in FAI is what causes a pistol-grip deformity to be symptomatic in some, but not all, patients. 32 Allen et al 16 reported that only 23 (26.1%) of 88 patients with bilateral cam-type deformity had bilateral hip pain. They noticed, however, that the mean α-angle was significantly higher in symptomatic hips (69.9° vs 63.1°, p < 0.001). Paradoxically, in our study the difference in the mean α-angle between the hips which progressed and those which did not progress to OA was not only not marked (57.1° vs 58.8°, p = 0.882), but it was reversed.
The previously accepted view that patients with FAI would necessarily progress to develop OA, and the ability of surgical intervention to alter a natural history which is itself not fully understood, are now both being questioned. 17, 18, 33, 34 We have attempted to resolve some of these uncertainties. 33 Our results indicate that most patients (82.3%) with radiological evidence of FAI remained asymptomatic and were free of OA over a considerable time (mean 18.5 years (10 to 40)). This is in marked contrast to current beliefs on the natural history of FAI. 2 Perhaps the most important finding in our statistical analysis is the large Wald estimate (26.7) and the statistical significance (p < 0.001) of the constant of the regression analysis model. This implies that other factors, not accounted for in this study, may be major contributors to the development of OA in hips with FAI. This is also reflected by the low predictive power (20%) of the regression analysis model (Nagelkerke R square, 0.200), and is a clear indication that there is still much to be learnt about FAI. Genetic influences have recently been implicated in the aetiology of FAI. 35 It is interesting that, in our study, the presence of idiopathic OA of one hip had a significant association with development of OA in the contralateral hip, irrespective of the FAI morphotype. In fact, regression analysis demonstrated that this parameter was the only statistically significant predictor for the development of OA (p = 0.039). A patient with idiopathic OA of one hip is 2.3 times (95% CI 0.1 to 9.4) more likely to develop OA in the other hip. This may suggest that systemic pathological factors, rather than minor morphological alterations, could be more influential. This is quite distinct from current thinking about the fundamental role of FAI in the development of OA of the hip.
Our study has limitations, most importantly the relatively small sample size, which is probably the reason why some clinically obvious differences such as the different rates of development of OA between the hips with a positive and negative inclination of the weight-bearing surface, failed to reach statistical significance. A second limitation is the fact that all radiological observations and measurements were made on only anteroposterior plain radiographs. The retrospective nature of the study may be considered a further limitation. However, a similar analysis of prospective design would be hard and possibly impractical to do because of the lengthy duration it would entail.
The surgical treatment of FAI is not an easy undertaking, particularly if dislocation is contemplated. 6 As emphasised by those who pioneered this operation, this type of treatment should be restricted to those who are experienced in the management of this condition. 15 Besides, as the longterm benefits of surgically creating impingement-free motion in the hip joint are yet to be defined, 5, 7, 10, 24, 33, 34 major surgical interventions should be considered with caution, even in symptomatic patients.
Hip arthroscopy, alone or in combination with a limited anterior approach, is the least invasive surgical procedure available for the treatment of cam-type impingement. In recent years, its popularity amongst surgeons has vastly increased. [8] [9] [10] [11] [12] 33, 34, 36, 37 It has been suggested that its efficacy might be improved by complementing the repair or debridement of the labrum with a femoral osteoplasty. [11] [12] [13] [14] Clohisy et al 38 affirmed that the true efficacy of arthroscopic procedures of the hip, especially in relation to preventing arthritis, is not yet known. With growing experience and better selection of patients, this minimally invasive treatment will probably be even more widely used.
The results of our study confirm that many asymptomatic patients with FAI will continue to be so beyond middleage. As such, we consider treatment in asymptomatic young 
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